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AUTONOMOUS DRIVING SYSTEM operation is completed or until a timing at which the first 
response operation is predicted to be completed , the second 

INCORPORATION BY REFERENCE operation instruction requesting the driver to perform a 
second response operation performed in response to a sec 

This application is a continuation of U.S. application Ser . 5 ond request or a second proposal by presenting the second 
No. 16 / 131,293 filed Sep. 14 , 2018 , which claims priority request or the second proposal to the driver via the Human 
from Japanese Patent Application No. 2017-197031 filed on Machine Interface . 
Oct. 10 , 2017. The entire disclosures of the prior applica- According to the present disclosure , the sending of the 
tions are considered part of the disclosure of the accompa- next operation instruction is prohibited until the response 
nying continuation application , and are hereby incorporated 10 operation to an operation instruction is completed or until , 
herein by reference in their entirety . the time at which at which the response operation is pre 

dicted to be completed . Therefore , the amount of informa BACKGROUND tion to be processed , and the number of operations to be 
executed , concurrently by the driver are reduced . As a result , 1. Technical Field the driver's impatience and anxiety are reduced . In addition , 

The present disclosure relates to an autonomous driving the driver who is given enough time can easily perform the 
system . response operation accurately . These allow a vehicle to 

travel smoothly and increase the reliability of the autono 
2. Description of Related Art 20 mous driving system . 

15 

a 

40 

Published Japanese Translation of PCT Application No. BRIEF DESCRIPTION OF THE DRAWINGS 
2013-544695 ( JP - A - 2013- 595 ) discloses an autonomous 
driving system . The autonomous driving system detects a Features , advantages , and technical and industrial signifi 
zone , such as a lane junction and a construction site zone , 25 cance of exemplary embodiments of the disclosure will be 
where autonomous driving is difficult . When a vehicle described below with reference to the accompanying draw 
approaches such a zone where autonomous driving is diffi- ings , in which like numerals denote like elements , and 
cult , the autonomous driving system requires the driver to wherein : 
control steering , acceleration , and deceleration . FIG . 1 is a conceptual diagram showing an autonomous 

30 driving system according to an embodiment ; 
SUMMARY FIG . 2 is a conceptual diagram showing an example of a 

situation in which a plurality of operation instructions is sent As exemplified in Published Japanese Translation of PCT consecutively within a short period of time ; Application No. 2013-544695 ( JP - A - 2013-544695 ) FIG . 3 is a conceptual diagram showing another example described above , the autonomous driving system sometimes 35 of a situation in which a plurality of operation instructions sends an operation instruction to the driver during autono 
mous driving . An operation instruction is an instruction that is sent consecutively within a short period of time ; 
sends a request or a proposal to the driver and that requests FIG . 4 is a conceptual diagram showing yet another 
the driver to perform a response operation in response to the example of a situation in which a plurality of operation 
request or the proposal . instructions is sent consecutively within a short period of 

In some circumstances , a plurality of operation instruc time ; 
tions may be sent consecutively within a short period of FIG . 5 is a conceptual diagram schematically showing the 
time . However , the amount of information and the number embodiment ; 
of operations that a human ( driver ) can process concurrently FIG . 6 is a block diagram showing a configuration 
are limited . Therefore , when a plurality of operation instruc- 45 example of an autonomous driving system according to the 
tions is sent consecutively in a short period of time , the embodiment ; 
driver feels impatient and uncomfortable . In addition , due to FIG . 7 is a block diagram showing an example of driving 
the shortage of time , there is a possibility that the driver environment information used in the autonomous driving 
cannot perform the response operation accurately . These system according to the embodiment ; 
inhibit the smooth traveling of the vehicle and reduce the 50 FIG . 8 is a flowchart showing the operation instruction 
reliability of the autonomous driving system . sending processing performed by the autonomous driving 

For use in an autonomous driving system that sends an system according to the embodiment ; operation instruction to the driver during autonomous driv FIG.9 is a conceptual diagram showing the processing in ing , the present disclosure provides a technology that can step S30 in the operation instruction sending processing reduce driver's impatience and discomfort . 
An autonomous driving system includes : a Human according to the embodiment ; 

Machine Interface ; and FIG . 10 is a conceptual diagram showing the processing 
a control device configured to control autonomous driving in step S40 in the operation instruction sending processing 

of a vehicle , present a first operation instruction to a driver according to the embodiment ; 
of the vehicle during the autonomous driving , the first 60 FIG . 11 is a conceptual diagram showing a first example 
operation instruction requesting the driver to perform a first of the determination of a preceding operation instruction in 
response operation performed in response to a first request the operation instruction sending processing according to the 
or a first proposal by presenting the first request or the first embodiment ; 
proposal to the driver via the Human Machine Interface , and FIG . 12 is a conceptual diagram showing a second 
prohibit presenting a second operation instruction different 65 example of the determination of a preceding operation 
from the first operation instruction to the driver after the first instruction in the operation instruction sending processing 
operation instruction is presented and until the first response according to the embodiment ; 

a 
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FIG . 13 is a conceptual diagram showing a third example erator operation , brake operation ) . That is , the “ manual 
of the determination of a preceding operation instruction in driving request ” is an operation instruction I , and the 
the operation instruction sending processing according to the response operation R that is performed in response to the 
embodiment ; manual driving request is a “ manual driving operation ” . 
FIG . 14 is a conceptual diagram showing a fourth 5 When the autonomous driving system 10 sends an opera 

example of the determination of a preceding operation tion instruction I , the driver is required to understand the 
instruction in the operation instruction sending processing contents of the operation instruction I and , in addition , 
according to the embodiment ; and perform the response operation R. However , the amount of 
FIG . 15 is a conceptual diagram showing a fifth example information and the number of operations that a human 

of the determination of a preceding operation instruction in 10 ( driver ) can process concurrently are limited . Therefore , 
the operation instruction sending processing according to the when a plurality of operation instructions I is sent consecu 
embodiment ; tively in a short period of time , the driver cannot process 

them and may feel impatient and uncomfortable . 
DETAILED DESCRIPTION OF EMBODIMENTS FIG . 2 is a conceptual diagram showing an example of the 

15 situation in which a plurality of operation instructions I is 
An embodiment of the present disclosure will be consecutively sent in a short period of time . The vehicle 1 is 

described below with reference to the attached drawings . traveling in lane L1 , and there is a lane branch ahead of the 
FIG . 1 is a conceptual diagram showing an autonomous vehicle 1. To arrive at the destination , the autonomous 

driving system 10 according to an embodiment . The autono- driving system 10 plans to change the lane from lane L1 to 
mous driving system 10 is mounted on a vehicle 1 for 20 branch lane LB at position XA . In addition , at position XB 
controlling the autonomous driving of the vehicle 1. For immediately after entering branch lane LB , manual driving 
smooth traveling of the vehicle , the autonomous driving is required . For example , there is a toll booth beyond 
system 10 sometimes sends an “ operation instruction I ” to position XB , or the autonomous driving permitted zone ( for 
the driver during autonomous driving . The operation example , an express way ) ends at a position ahead of 
instruction I is an instruction that makes a request or a 25 position XB . In this case , the autonomous driving system 10 
proposal to the driver and that requests the driver to perform sends the “ branching LC proposal ” before position XA and 
a “ response operation R ” in response to the request or the sends the “ manual driving request ” before position XB . 
proposal . FIG . 3 is a conceptual diagram showing another situation . 

For example , the autonomous driving system 10 proposes The vehicle 1 is traveling in a merging lane LM . The 
a lane change ( LC : Lane Chang ) so that the vehicle arrives 30 merging lane LM merges into lane L1 , there is lane L2 
at the destination . Such a lane change is required , for adjacent to lane L1 and , in addition , branch lane LB 
example , in a situation where there is a lane branch or a lane branches from lane L2 . In this situation , the autonomous 
merge . When a lane change is proposed , the driver is driving system 10 plans change the lane from the merging 
required to approve or refuse the lane change proposal lane LM to lane L1 at position XA . In addition , the autono 
( hereinafter referred to as an “ LC proposal ” ) . That is , the 35 mous driving system 10 plans to enter branch lane LB to 
“ LC proposal ” is an operation instruction I , and the response arrive at the destination . To enter branch lane LB , it is 
operation R that is performed in response to the LC proposal necessary to change the lane to lane L2 in advance . There 
is an “ approval / refusal ” . fore , at position XB immediately after entering lane L1 , the 
As another example , the autonomous driving system 10 autonomous driving system 10 plans to change the lane from 

proposes passing a preceding vehicle . Passing can be 40 lane L1 to lane L2 in advance . In this case , the autonomous 
thought of as one type of the LC proposal . When passing is driving system 10 sends the “ merging LC proposal ” before 
proposed , the driver is required to approve or refuse the position XA , and the “ pre - sending LC proposal ” before 
passing proposal . That is , the " passing proposal ” is an position XB . 
operation instruction I , and the response operation R that is FIG . 4 is a conceptual diagram showing still another 
performed in response to the passing proposal is “ approval / 45 situation . There is a sharp curve ahead of the vehicle 1. The 
refusal " . autonomous driving system 10 requests the driver to hold 
As yet another example , the autonomous driving system the steering wheel considering the possibility of lane depar 

10 requests the driver to hold the steering wheel . Holding the ture . More specifically , the autonomous driving system 10 
steering wheel is hereinafter referred to as “ steering wheel sends the “ steering wheel holding request " before the posi 
holding ” . For example , when there is a sharp curve ahead of 50 tion XA where the sharp curve starts . In addition , at position 
the vehicle 1 during autonomous driving , the autonomous XB ahead of position XA , manual driving is required . For 
driving system 10 requests the driver to hold the steering example , there is the destination or a road work zone beyond 
wheel considering the possibility of lane departure . In position XB . In this case , the autonomous driving system 10 
response to such a request , the driver holds the steering sends the “ manual driving request ” before position XB . 
wheel . That is , the “ steering wheel holding request ” is an 55 As exemplified above , there are cases where a plurality of 
operation instruction I , and the response operation R that is operation instructions I is sent consecutively within a short 
performed in response to the steering holding request is period of time . Since the amount of information and the 
" steering wheel holding ” . number of operations that a human ( driver ) can process 
As yet another example , the autonomous driving system concurrently are limited , the driver feels impatient and 

10 requests the driver to start manual driving . Manual 60 uncomfortable when a plurality of operation instructions I is 
driving is required , for example , in a situation when the sent consecutively in a short period of time . In addition , due 
vehicle 1 arrives near the destination , when the autonomous to the shortage of time , there is a possibility that the driver 
driving permitted zone ends , or when there is an event where cannot perform the response operation R accurately . These 
autonomous driving is not suitable ( for example , road work inhibit the smooth traveling of the vehicle and reduce the 
zone , complex terrain ) . When manual driving is requested , 65 reliability of the autonomous driving system 10 . 
the driver performs the manual driving operation ( for To solve such a problem , the autonomous driving system 
example , steering wheel holding , steering operation , accel- 10 according to this embodiment positively adjusts the 
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sending of operation instructions I. More specifically , after cate with the management server that manages the autono 
an operation instruction I is sent and until the response mous driving service via a communication network . 
operation R is completed or until the time comes at which The HMI unit 60 is an interface for providing information 
the response operation R is expected to be completed , the to the driver and for accepting information from the driver . 
autonomous driving system 10 prohibits the sending of the 5 More specifically , the HMI unit 60 has an input device and 
next operation instruction I. an output device . Examples of the input device include a 

FIG . 5 is a conceptual diagram schematically showing the touch panel , a switch , and a microphone . Examples of the 
embodiment described above . The operation instruction output device include a display device and a speaker . The 
time TI is the time at which an operation instruction I is sent . output device is used for notifying an operation instruction 
The response operation completion time TR is the time at 10 I to the driver . The input device is used by the driver to enter 
which the response operation R that is performed in the response operation R ( in particular approval / refusal ) . 

The response operation R performed by the driver is not response to the operation instruction I is completed , or the 
time at which the response operation R is predicted to be limited to “ approval / refusal ” . The response operation R may 

be “ steering wheel holding ” or “ manual driving request completed . The response operation period PR is a period 15 operation ” in some cases . The response operation sensor 70 
from the operation instruction time TI to the response is a sensor for detecting the response operation R other than 
operation completion time TR . During this response opera- " approval / refusal ” . For example , the response operation 
tion period PR , it is prohibited to send the next operation sensor 70 includes a steering touch sensor for detecting 
instruction I to the driver . whether the driver is holding the steering wheel . The 

According to this embodiment , the sending of the next 20 response operation sensor 70 may also include sensors for 
operation instruction I is prohibited as described above until detecting the steering operation , the accelerator operation , 
the response operation R that is performed in response to an and the brake operation , respectively . 
operation instruction I is completed , or until the time at The traveling device 80 includes a steering device , a 
which the response operation R is expected to be completed . driving device , and a braking device . The steering device 
Therefore , the amount of information to be processed , and 25 steers the wheels . The driving device is a power source that 
the number of operations to be executed , concurrently by the generates a driving force . Examples of the driving device 
driver are reduced . As a result , the driver's impatience and include an electric motor and an engine . The braking device 
anxiety are reduced . In addition , the driver who is given generates a braking force . 
enough time can perform the response operation R accu- The control device 100 controls the autonomous driving 
rately . These allow a vehicle to travel smoothly and to 30 of the vehicle 1. The control device 100 is a microcomputer 
increase the reliability of the autonomous driving system 10 . including a processor 110 and a storage device 120. The 

The configuration and processing of the autonomous control device 100 is also called an Electronic Control Unit 
driving system 10 according to this embodiment will be ( ECU ) . The processor 110 executes the control programs , 
described in more detail . stored in the storage device 120 , to cause the control device 

2. Configuration Example of the Autonomous Driving 35 100 to perform autonomous driving control . 
System In more detail , the control device 100 acquires informa 
FIG . 6 is a block diagram showing a configuration example tion necessary for autonomous driving control . The infor 
of the autonomous driving system 10 according to this mation necessary for the autonomous driving control is 
embodiment . The autonomous driving system 10 includes a hereinafter referred to as " driving environment information 
Global Positioning System ( GPS ) receiver 20 , a map data- 40 200 ” . The driving environment information 200 , stored in 
base 30 , sensors 40 , a communication device 50 , a Human the storage device 120 , is read as necessary . 
Machine Interface ( HMI ) unit 60 , a response operation FIG . 7 shows an example of the driving environment 
sensor 70 , a traveling device 80 , and a control device 100 . information 200 in this embodiment . The driving environ 

The GPS receiver 20 receives signals sent from a plurality ment information 200 includes position and orientation 
of GPS satellites and calculates the position and orientation 45 information 220 , map information 230 , sensor detection 
of the vehicle 1 based on the received signals . information 240 , delivery information 250 , and response 
The map database 30 records map information therein . operation information 260 . 

The map information includes the information on the lane The position and orientation information 220 indicates the 
arrangement , lane attribute , autonomous driving permitted position and orientation of the vehicle 1. The control device 
zone , location of facilities ( for example , a toll booth ) , and so 50 100 acquires the position and orientation information 220 

from the GPS receiver 20 . 
The sensors 40 detect the surrounding situation of the The map information 230 includes the information on the 

vehicle 1 and the traveling state of the vehicle 1. Examples lane arrangement , lane attribute , autonomous driving per 
of the sensors 40 include Lidar ( LIDAR : Laser Imaging mitted zone , location of facilities ( for example , a toll booth ) , 
Detection and Ranging ) , a radar , a camera , and a vehicle 55 and so on . The control device 100 acquires the map infor 
speed sensor . Lidar uses light to detect a target around the mation 230 around the vehicle 1 based on the position and 
vehicle 1. The radar uses radio waves to detect a target orientation information 220 and the map database 30. The 
around the vehicle 1. The camera captures the situation control device 100 can collect information on lane merging , 
around the vehicle 1. The vehicle speed sensor detects the lane branching , intersections , and lane curvatures based on 
speed of the vehicle 1 . 60 the lane arrangement and the lane attributes indicated by the 

The communication device 50 communicates with the map information 230 . 
outside of the vehicle 1. For example , the communication The sensor detection information 240 is the information 
device 50 performs V21 communication ( road - vehicle com- obtained from the detection result of the sensors 40. More 
munication ) with the surrounding infrastructures . The com- specifically , the sensor detection information 240 includes 
munication device 50 may perform V2V communication 65 the target information on the targets around the vehicle 1 . 
( vehicle - to - vehicle communication ) with the surrounding Examples of the targets around the vehicle 1 are surrounding 
vehicles . The communication device 50 can also communi- vehicles , pedestrians , roadside objects , white lines , signs , 

2 

on . 



a 

a 

US 11,449,053 B2 
7 8 

and so on . In addition , the sensor detection information 240 As another example , events related to the “ passing pro 
includes the vehicle speed detected by the vehicle speed posal ” are a low - speed preceding vehicles and so on . A 
sensor . The control device 100 acquires the sensor detection low - speed preceding vehicle can be detected based on the 
information 240 based on the detection result of the sensors sensor detection information 240 ( target information and 
40 . 5 vehicle speed information ) . 

The delivery information 250 is the information obtained As a still another example , events related to the “ steering 
through the communication device 50. For example , the wheel holding request ” are a sharp curve ahead of the 
delivery information 250 includes the road traffic informa- vehicle 1 and so on . A sharp curve can be detected based on 
tion ( congestion information , road work zone information , the map information 230 ( lane arrangement information ) . 
accident information , traffic regulation information , etc. ) 10 As a still another example , events related to the “ manual 
delivered from the infrastructure . The delivery information driving request ” are a pre - set destination , a toll booth , and 
250 may include the information delivered from the man- the end of an autonomous driving permitted zone , and so on . 
agement server that manages the autonomous driving ser- These events can be detected based on the map information 
vice . The control device 100 acquires the delivery informa- 230. In addition , an event that is difficult to be handled 
tion 250 by communicating with the outside using the 15 during autonomous driving , such as a road work zone , a 
communication device 50 . traffic congestion zone , and a complex terrain , can be 
The response operation information 260 is the informa- thought of as an event related to the “ manual driving 

tion indicating whether the response operation R has been request ” . A road work zone and a traffic congestion zone can 
performed by the driver . For example , the control device 100 be recognized based on the delivery information 250. A 
acquires the response operation information 260 on 20 complex terrain is recognizable based on the map informa 
approval / refusal through the HMI unit 60. The control tion 230 . 
device 100 also acquires the response operation information If an event related to an operation instruction I is detected 
260 on the response operation R other than approval / refusal ( step S10 ; Yes ) , the processing proceeds to step S20 . Oth 
from the response operation sensor 70 . erwise ( step S10 ; No ) , the processing proceeds to step S50 . 

The control device 100 controls the autonomous driving 25 3-2 . Step S20 
of the vehicle 1 based on the driving environment informa- The control device 100 plans an operation instruction I 
tion 200 such as the one described above . More specifically , according to the event detected in step S10 . More specifi 
the control device 100 generates a travel plan of the vehicle cally , the control device 100 determines the type of the 
1 based on the driving environment information 200. Then , operation instruction I according to the detected event and , 
the control device 100 controls the traveling device 80 and 30 in addition , plans an operation instruction time TI at which 
causes the vehicle 1 to travel according to the travel plan . the operation instruction I is to be sent . The operation 

In addition , the control device 100 plans the sending of an instruction time TI is earlier than the time at which the 
operation instruction I as needed during autonomous driv- vehicle 1 will arrive at the detected event . The control device 
ing . Then , the control device 100 sends ( notifies ) the opera- 100 calculates the time at which the vehicle 1 will arrive at 
tion instruction I to the driver using the HMI unit 60. The 35 the detected event , based on the position and orientation 
driver performs the response operation R in response to the information 220 , the map information 230 , and the sensor 
operation instruction I. The control device 100 confirms that detection information 240 ( vehicle speed information ) and , 
the response operation R has been performed by the driver , as necessary , plans the operation instruction time TI . After 
based on the response operation information 260. For that , the processing proceeds to step S30 . 
example , if the operation instruction I is an “ LC proposal ” 40 3-3 . Step S30 
and the “ LC proposal ” is approved by the driver , the control The control device 100 determines whether the response 
device 100 controls the traveling device 80 to cause the operation period PR ( see FIG . 5 ) for the operation instruc 
vehicle to change the lane . tion I , planned in step S20 , overlaps the response operation 

According to this embodiment , the control device 100 period PR for an existing operation instruction I that has 
prohibits the sending the next operation instruction I after an 45 already been planned . 
operation instruction I is sent and until the response opera- FIG . 9 is a conceptual diagram showing the processing in 
tion R is completed , or until the response operation R is step S30 . In the description below , consider the case where 
expected to be completed . The processing performed by the there are two operation instructions , “ first operation instruc 
control device 100 to send an operation instruction I is called tion Il ” and “ second operation instruction 12 ” , as the can 
the “ operation instruction sending processing " in the 50 didate for the operation instruction I. 
description below . An example of the operation instruction The first operation instruction time TI1 is the time at 
sending processing in this embodiment will be described in which the first operation instruction Il is sent . The first 
detail below . response operation R1 is the response operation R that is 

3. Example of Operation Instruction Sending Processing performed in response to the first operation instruction IL 
FIG . 8 is a flowchart showing the operation instruction 55 The first response operation completion time TR1 , a time 
sending processing according to this embodiment . The pro- later than the first operation instruction time T11 by the first 
cessing flow shown in FIG . 8 is repeatedly executed for each predicted time AT1 , is the time at which the first response 
predetermined cycle . operation R1 is predicted to be completed . The first response 

3-1 . Step S10 operation period PR1 is a period from the first operation 
The control device 100 detects an event related to an 60 instruction time TI1 to the first response operation comple 
operation instruction I based on the driving environment tion time TR1 . 
information 200. An event related to an operation instruction The second operation instruction time T12 is the time at 
I is an event for which the control device 100 plans to send which the second operation instruction 12 is sent . The second 
an operation instruction I. response operation R2 is the response operation R that is 

For example , events related to the " LC proposal ” are lane 65 performed in response to the second operation instruction 12 . 
branching , lane merging , and so on . These events can be The second response operation completion time TR2 , a time 
detected based on the map information 230 . later than the second operation instruction time T12 by the 
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second predicted time AT2 , is the time at which the second the preceding operation instruction time TIA to the preced 
response operation R2 is predicted to be completed . The ing response operation completion time TRA . 
second response operation period PR2 is a period from the The following operation instruction time TIB is time at 
second operation instruction time T12 to the second response which the following operation instruction IB is sent . The 
operation completion time TR2 . 5 following response operation RB is the response operation R 

The predicted time AT from the operation instruction time that is performed in response to the following operation 
TI to the response operation completion time TR is prede instruction IB . The following response operation completion 
termined for each type of the operation instruction I. For time TRB is the time at which the following response 
example , when the operation instruction I is the “ LC pro operation RB is predicted to be completed . The following 
posal " or the passing proposal " , the predicted time AT is set 10 response operation period PRB is a period from the follow 

ing operation instruction time TIB to the following response to 8 seconds . When the operation instruction I is the “ steer operation completion time TRB . ing wheel holding request " , the predicted time AT is set to The control device 100 adjusts at least one of the preced 6 seconds . When the operation instruction I is the “ manual ing operation instruction time TIA and the following opera 
driving request , the predicted time AT is set to 6 seconds . 15 tion instruction time TIB so that the preceding response 
The setting information on the predicted times AT is pre operation period PRA and the following response operation 
stored in the storage device 120. The control device 100 can period PRB do not overlap . For example , the control device acquire the predicted time AT according to an operation 100 sets the preceding operation instruction time TIA to a 
instruction I by referring to the setting information . time earlier than the planned time . Alternatively , the control 

The control device 100 predicts the first response opera- 20 device 100 sets the following operation instruction time TIB 
tion completion time TR1 , that is , the first response opera- to a time later than the planned time . 
tion period PR1 , by adding the first predicted time AT1 to the If the following operation instruction time TIB is too late , 
first operation instruction time T11 planned in step S20 . there is a possibility that the vehicle 1 will arrive at an event 
Similarly , the control device 100 predicts the second related to the following operation instruction IB before the 
response operation completion time TR2 , that is , the second 25 following operation instruction IB is sent . That is , the 
response operation period PR2 , by adding the second pre- following operation instruction IB may be too late ( mean 
dicted time AT2 to the second operation instruction time T12 ingless ) . In that sense , it is safer to set the preceding 
planned in step S20 . operation instruction time TIA to an earlier time rather than 

Then , the control device 100 determines whether the to set the following operation instruction time TIB to a later 
predicted first response operation period PR1 and the pre- 30 time . 
dicted second response operation period PR2 overlap . In the In the situation where one of the first operation instruction 
example shown in FIG . 9 , the first response operation period 11 and the second operation instruction 12 has already been 
PR1 and the second response operation period PR2 overlap . sent and the control device 100 is waiting for the response 
If the first response operation period PR1 and the second operation R , the already sent operation instruction I becomes 
response operation period PR2 overlap ( step S30 ; Yes ) , the 35 the preceding operation instruction IA and the other instruc 
processing proceeds to step S40 . Otherwise ( step S30 ; No ) , tion becomes the following operation instruction IB . In such 
the processing proceeds to step S50 . a case , the control device 100 sets the following operation 

3-4 . Step S40 instruction time TIB to a later time so that the preceding 
The control device 100 adjusts at least one of the first response operation period PRA and the following response 
operation instruction time Tl1 and the second operation 40 operation period PRB do not overlap . 
instruction time T12 so that the first response operation After step S40 , the processing proceeds to step S50 . 
period PR1 and the second response operation period PR2 3-5 . Steps S50 and 560 
do not overlap . The control device 100 determines whether the " instruction 

If neither the first operation instruction 11 nor the second sending condition ” is satisfied ( step S50 ) . The instruction 
operation instruction 12 has been sent , it is first necessary to 45 sending condition is a condition under which an operation 
determine which one of the first operation instruction 11 and instruction I , planned by the control device 100 , is actually 
the second operation instruction 12 is to be sent first . One of sent to the driver . If the instruction sending condition is 
the first operation instruction I1 and the second operation satisfied ( step S50 ; Yes ) , the control device 100 sends the 
instruction 12 , whichever is sent first , is hereinafter called a operation instruction I to the driver via the HMI unit 60 ( step 
“ preceding operation instruction IA ” and the other is called 50 S60 ) . If the instruction sending condition is not satisfied 
a “ following operation instruction TB ” . The control device ( step S50 ; No ) , the current processing cycle ends and the 
100 determines the preceding operation instruction IA , processing returns to step S10 . 
based on the combination of the first operation instruction 11 Typically , the instruction sending condition is the condi 
and the second operation instruction 12. As a method for tion that the “ operation instruction time TI has come ” . For 
determining which operation instruction , either first opera- 55 example , in the example shown in FIG . 10 , when the 
tion instruction Il or second operation instruction 12 , is the preceding operation instruction time TIA has come , the 
preceding operation instruction IA , various examples can be control device 100 sends the preceding operation instruction 
considered as will be described later . IA . After that , when the following operation instruction time 

FIG . 10 is a conceptual diagram showing the processing TIB has come , the control device 100 sends the following 
in step S40 . The preceding operation instruction time TIA is 60 operation instruction IB . 
the time at which the preceding operation instruction IA is As another example , the instruction sending condition for 
sent . The preceding response operation RA is the response the following operation instruction IB may be the condition 
operation R that is performed in response to the preceding that the preceding response operation RA has completed " . 
operation instruction IA . The preceding response operation The control device 100 can confirm the completion of the 
completion time TRA is the time at which the preceding 65 preceding response operation RA based on the response 
response operation RA is predicted to be completed . The operation information 260. If the completion of the 
preceding response operation period PRA is a period from ing response operation RA cannot be confirmed when the 
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following operation instruction time TIB has come , the request ” is an operation instruction I related to the event in 
control device 100 sets the following operation instruction which manual driving is required ( for example : the vehicle 
time TIB to a later time . Conversely , if the following is approaching the destination or a road work zone ) . In the 
operation instruction time TIB has not yet come when the situation shown in FIG . 13 , the event “ sharp curve ” , one of 
completion of the preceding response operation RA can be 5 the two events , is nearer to the current position of the vehicle 
confirmed , the control device 100 may set the following 1. Therefore , the control device 100 determines the “ steering 
operation instruction time TIB to an early time . In any case , wheel holding request ” as the preceding operation instruc 
the control device 100 sends the following operation instruc- tion IA . 
tion IB after confirming that the preceding response opera The above first to third examples are generalized as 
tion RA has been completed . In this way , by finely adjusting 10 follows . The first operation instruction Il is related to the 
the following operation instruction time TIB through the first event , and the second operation instruction 12 is related 
monitoring of the actual preceding response operation RA , to the second event . One of the first event and the second 
the accuracy is improved than when the following operation event , whichever is nearer to the current position of the 
instruction time TIB that is based only on the predicted value vehicle 1 , is a “ preceding event ” . In this case , the control 
is used . 15 device 100 determines an operation instruction I that is one 

4. Various Examples for Determining the Preceding of the first operation instruction 11 and the second operation 
Operation Instruction instruction 12 and that is related to the preceding event as the 
In step S40 described above , the control device 100 deter- preceding operation instruction IA . Since the operation 
mines the first operation instruction Il or the second opera- instructions I are sent in the order in which the events are 
tion instruction 12 , whichever is sent first , as the “ preceding 20 detected , it is easy for the driver to understand the flow of 
operation instruction IA " . At this time , the control device driving . 
100 determines the preceding operation instruction IA , 4-4 . Fourth Example 
based on the combination of the first operation instruction 11 FIG . 14 is a conceptual diagram showing a fourth example 
and the second operation instruction 12. There are various for determining the preceding operation instruction IA . The 
examples for determining the preceding operation instruc- 25 vehicle 1 is traveling in the right side lane L2 . The control 
tion IA . device 100 plans to send a “ keep - left LC proposal ” that 

4-1 . First Example proposes to change the lane to the left lane L1 to keep to the 
FIG . 11 is a conceptual diagram showing a first example for left . In addition , since there is a sharp curve ahead of the 
determining the preceding operation instruction IA . FIG . 11 vehicle 1 , the control device 100 plans to send the “ steering 
shows the same situation as that in FIG . 2 described above . 30 wheel holding request ” before position XA where the sharp 
That is , there are two operation instructions I , “ branching curve starts . 
LC proposal ” and “ manual driving request ” , as the candidate In this situation , the lane change for keeping to the left , 
for the operation instruction I. The “ branching LC proposal ” which is not so urgent , may be performed any time ( for 
is an operation instruction I related to the event " lane example , at position XB after the sharp curve ends ) . That is , 
branching ” . On the other hand , the “ manual driving request ” 35 even if the lane change for keeping to the left is delayed to 
is an operation instruction I related to an event in which some extent , there is no particular effect on vehicle traveling . 
manual driving is required ( example : there is a toll booth On the other hand , from the viewpoint of vehicle traveling , 
ahead of the vehicle , autonomous driving permitted zone is it is desired to complete " steering wheel holding ” before 
ended ) . In the situation shown in FIG . 11 , the event " lane position XA where the sharp curve starts . That is , the priority 
branching ” , one of the two events , is nearer to the current 40 ( importance ) of “ steering wheel holding ” is high , whereas 
position of the vehicle 1. Therefore , the control device 100 the priority of lane change for keeping to the left is not so 
determines the " branching LC proposal " as the preceding high and its degree of freedom is high . Therefore , the control 
operation instruction IA . device 100 determines the “ steering wheel holding request ” 

4-2 . Second Example as the preceding operation instruction IA , and the “ keep - left 
FIG . 12 is a conceptual diagram showing a second example 45 LC proposal ” as the following operation instruction IB . 
for determining the preceding operation instruction IA . FIG . The fourth example is generalized as follows . An opera 
12 shows the same situation as that in FIG . 3 described tion instruction I that requires that the response operation R 
above . That is , there are two operation instructions I , “ merg- be performed before the vehicle 1 arrives at a specific point 
ing LC proposal ” and “ pre - sending LC proposal " , as the is hereinafter referred to as a “ priority operation instruction 
candidate for the operation instruction I. The “ merging LC 50 IP ” . Examples of priority operation instructions IP include 
proposal ” is an operation instruction I related to the event not only the “ steering wheel holding request ” described 
“ lane merging " . On the other hand , the “ pre - sending LC above but also the “ manual driving request ” , “ branching LC 
proposal ” is an operation instruction I related to the event proposal ” , and “ merging LC proposal ” . From the viewpoint 
“ lane branching " . In the situation shown in FIG . 12 , the of vehicle traveling , safety , and the arrival at the destination , 
event “ lane merging ” , one of the two events , is nearer to the 55 the priority of the priority operation instruction IP is high . 
current position of the vehicle 1. Therefore , the control On the other hand , the above - mentioned “ keep - left LC 
device 100 determines the “ merging LC proposal ” as the proposal ” and “ passing proposal ” are not a priority operation 
preceding operation instruction IA . instruction IP and have a higher degree of freedom . If one of 

4-3 . Third Example the first operation instruction Il and the second operation 
FIG . 13 is a conceptual diagram showing a third example for 60 instruction 12 is a priority operation instruction IP and the 
determining the preceding operation instruction IA . FIG . 13 other is not , the control device 100 determines the priority 
shows the same situation as that in FIG . 4 described above . operation instruction IP as the preceding operation instruc 
That is , there are two operation instructions I , “ steering tion IA . This makes it possible to reduce the amount of 
wheel holding request ” and “ manual driving request ” , as the information to be processed , and the number of operations 
candidate for the operation instruction I. The “ steering wheel 65 to be executed , by the driver concurrently while at the same 
holding request ” is an operation instruction I related to the time sending a high - priority operation instruction I without 
event “ sharp curve ” . On the other hand , the “ manual driving delay . 
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4-5 . Fifth Example adjust at least one of the first operation instruction 
FIG . 15 is a conceptual diagram showing a fifth example for timing and the second operation instruction timing 
determining the preceding operation instruction IA . The fifth such that an operation instruction timing including a 
example also relates to the priority operation instruction IP . preceding operation instruction timing at which the 

The vehicle 1 is traveling in lane L1 . In the same lane L1 preceding operation instruction is to be presented 
and ahead of the vehicle 1 , there is a low - speed preceding becomes earlier than the other operation instruction 
vehicle 2. The control device 100 detects the low - speed timing among the first operation instruction timing 
preceding vehicle 2 based on the sensor detection informa and the second operation instruction timing ; 
tion 240. Then , the control device 100 plans to start the present the first operation instruction to a driver of the 
passing operation at position XA and plans to send the 10 vehicle during the autonomous driving , the first 
" passing proposal ” before position XA . In addition , at operation instruction requesting the driver to per 
position XB beyond position XA , manual driving is form a first response operation performed in 
required . For example , there is the destination or a road work response to a first request or a first proposal by 
zone beyond position XB . Therefore , the control device 100 presenting the first request or the first proposal to the 
plans to send the “ manual driving request " before position 15 driver via the Human Machine Interface ; 
XB . present the second operation instruction , different from 

The manual driving request is a priority operation instruc the first operation instruction , to the driver of the 
tion IP , and the passing proposal is not . Therefore , the vehicle during the autonomous driving , the second 
control device 100 determines the manual driving request as operation instruction requesting the driver to per 
the preceding operation instruction IA , and the passing 20 form a second response operation performed in 
proposal as the following operation instruction IB . This response to a second request or a second proposal by 
makes it possible to send a high priority manual driving presenting the second request or the second proposal 
request without delay . to the driver via the Human Machine Interface . 
When the driver starts manual driving in response to a 2. The autonomous driving system according to claim 1 , 

manual driving request , the result is that the “ passing 25 wherein 
proposal ” is not sent from the autonomous driving system 10 the first operation instruction is an operation instruction 
( control device 100 ) . Even in this case , the next operation related to a first event and the second operation instruc 
instruction is prohibited until the response operation R , tion is an operation instruction related to a second 
which is performed in response to the operation instruction event , and 
I , is completed . That is , this makes it possible to reduce the 30 the control device is configured to 
amount of information to be processed , and the number of determine , as a preceding event , one of the first event 
operations to be executed , by the driver concurrently and , as and the second event whichever exists closer to a 

sult , reduces the driver's impatience and anxiety . current position of the and 
4-6 . Sixth Example determine an operation instruction related to the pre 

As described above , if one of the first operation instruction 35 ceding event , as the preceding operation instruction , 
11 and the second operation instruction 12 is a priority among the first operation instruction and the second 
operation instruction IP and the other is not , the control operation instruction . 
device 100 determines the priority operation instruction IP 3. The autonomous driving system according to claim 1 , 
as the preceding operation instruction IA . At this time , the wherein 
control device 100 may discard the operation instruction that 40 a priority operation instruction is an operation instruction 
is not a priority operation instruction IP . Even in this case , for which a response operation needs to be performed 
the next operation instruction is prohibited until the response before the vehicle arrives at a particular position ; and 
operation R , which is performed in response to the operation the control device is further configured to set the priority 
instruction I , is completed . That is , this makes it possible to operation instruction as the preceding operation 
reduce the amount of information to be processed , and the 45 instruction when one of the first operation instruction 
number of operations to be executed , by the driver concur- and the second operation instruction is the priority 
rently and , as a result , reduces the driver's impatience and operation instruction and when the other is not the 
anxiety . priority operation instruction . 

4. The autonomous driving system according to claim 1 , 
What is claimed is : 50 wherein 
1. An autonomous driving system comprising : a following operation instruction is an operation instruc 
a Human Machine Interface ; and tion that is one of the first operation instruction and the 
a control device configured to second operation instruction and is not the preceding 

control autonomous driving of a vehicle ; operation instruction and a preceding response opera 
plan a first operation instruction timing and a second 55 tion is a response operation that is performed in 

operation instruction timing , the first operation response to the preceding operation instruction and 
instruction timing being a timing with respect to a the control device is further configured to present the 
duration of the autonomous driving at which a first following operation instruction to the driver after the 
operation instruction is to be presented , the second control device confirms that the preceding response 
operation instruction timing being a timing with 60 operation is completed . 
respect to the duration of the autonomous driving at 5. The autonomous driving system according to claim 1 , 
which a second operation instruction is to be pre- wherein 
sented ; the control device is further configured to : 

determine , as a preceding operation instruction , one of predict a first response operation period and a second 
the first operation instruction and the second opera- 65 response operation period based on the first opera 
tion instruction whichever is to be presented first ; tion instruction timing and the second operation 
and instruction timing , the first response operation period 

a 
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being a period from the first operation instruction 
timing to a first response operation completion tim 
ing at which the first response operation is predicted 
to be completed , the second response operation 
period being a period from the second operation 5 
instruction timing to a second response operation 
completion timing at which the second response 
operation is predicted to be completed ; and 

adjust at least one of the first operation instruction 
timing and the second operation instruction timing 10 
such that the first response operation period and the 
second response operation period do not overlap , 
when the first response operation period and the 
second response operation period are predicted to 
overlap . 15 
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